A61M 11/00, 15/00, B65D 47/10 H,) rntem -"— ' • ~ " ; 



(30) Priority Dab: 
08/331.047 
08/508,982 



(H) Internationa! Publication Number: 
(43) International Publication Date: 



WO 9603291 

9 May 1996 (09.05.96) 



2??*" 1994 G«-10.94) 
28 July 1995(28.07.95) 



(72) Inventors: LLOYD, Lester I ■ 7 u , 

Oakland. CA 94611 (US^rmc^?" 0 **"* Driv C 
El Camino Real, BerkS' C A^^\ Rcid - M - 

*■* A, 5 Hi Porta] c^s y : u CA ^ 4 s sif ■ 



(81) Designated States: AM at ait " 

«. d£wSW&S Si b £ , by - ca - ch - 

KG. KP, KR, KZ, I.K LR LT I i t HU> IS - KE, 
MW, MX, NO.Ni pT £' no' oK- ^ MO. MN 

Published 

W/rt international search report. 



NARCOTICS 



(54)T1 U e: MVICeI^^^ 

(57) Abstract 

, Devices are 

self-contained which 

automatically actuated atT 
releav r^;«» • at we same 

y ( 3> ° f Channel tato faster moving ^ ^ membrane - *e flexible menX p£«SE J 



band-held, 
are 
same 




BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Anuria 

Australia 

Barbados 



AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

a 

CM 

CN 

CS 

CZ 

DE 

DK 



Fl Finland 
France 
CA Gabon 



Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 
Coojo 

Switzerland 
Coted'Ivoirc 
Cameroon 
China 

Czechoslovakia 
Czech Republic 
Germany 
Denmark 



GB 

GE 

GN 

GR 

HU 

IE 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

U 

LK 

LU 

LV 

MC 

MD 
MG 
ML 
MN 



United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kyrgystan 

Democratic People's 
oTKorea 

Republic of Korea 

Kazakhstan 

Liechtenstein 

Sri Lanka 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Mali 

Mongolia 



MR 

MW 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SI 

SK 

SN 

TD 

TG 

TJ 

TT 

UA 

US 

U2 

VN 



Mauritania 
Malawi- 
Niger 

Netherlands 
Norway 
New Zealand 



Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

Slovenia 

Slovakia 

Senega) 

Chad 

Togo 

Tajikistan 

Trinidad and Tobago 
Ukraine 

United States of America 

Uzbekistan 

Viet Nam 



W 0 96/1329, 



PCTWS9S/13910 



SVl£E_PQg_ 



**^is invent ' 

invention,, n ««"cs. m~L "voting the 

rei^ • Self " c °ntained devi„ P ka9ln 9 used i n a 

- =p t zv controiiea ^z: zt of ~««n y 

Narcotic 7k 

to Patients with „ " ^ a *»lnistered ,• Pain 

ohronic Piin h M P ° Stsu ^«l end other f" n ' M1 ' fot ™ 
' HM ^«. one of the ol/ ° f aCUte — 

20 *ynthee«ed i„ £' " s ™«io narcotlc 

s y«em in the T ,dmni »™«on by . trens" fent «W 
Piscaho 7 m ' Package inser-h -r ye?sac (fentanyl 

' — w —i i-srt tr-j: 



WO 96/13291 



PCT/US95/13910 



- 2 - 

management. Although fentanyl can be given by a 
transdermal patch, transdermal delivery of fentanyl is 
designed for long-term administration of the drug and does 
not lend itself to achieving a peak level rapidly for a 
5 short-term effect. 

An alternative to delivery by injection for 
narcotics is delivery by inhalation. Morphine 
[J. Chrusbasik et al., "Absorption and Bioavailability of 
Nebulized Morphine," Br. J. Anaesth. (1988) 61, 228-30], 

10 fentanyl [M.H. Worsley et al., "Inhaled Fentanyl as a 
Method of Analgesia, tt Anaesthesia (1990) 45, 449-51], and 
sufentanil [A.B. Jaffe et al., "Rats Self -administer 
Sufentanil in Aerosol Form," Psychopharmacology, (1989) 99, 
289-93] have been shown to be deliverable as aerosols into 

15 the lung. The pilot study described by Worsley suggested 
that "inhaled fentanyl is an effective, safe and convenient 
method of analgesia which merits further investigation." 

Inhalation of a potent synthetic narcotic aerosol 
provides a mechanism for the non-invasive delivery of 

20 rapid-acting boluses of narcotic. The on-demand 

administration of boluses of narcotic coupled with a 
controlled baseline intravenous infusion of narcotic is 
termed "patient -controlled analgesia" (PCA) and has been 
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10 """lister suppuJn" 8 "^ brt "" hutton to 

-IX -"otsn" e^^tto? 8 '" ° r """" iS 'he 
« unlikely. However, thJrjT, i "^""ry depression 
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Detailed Description of the Preferred Embodiments 

Before the present method of pain management and 
containers, devices and formulations used in connection 
with such are described, it is to be understood that this 
5 invention is not limited to the particular methodology, 
containers, devices and formulations described, as such 
methods, containers, devices and formulations may, of 
course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
10 particular embodiments only, and is not intended to limit 
the scope of the present invention which will be limited 
only by the appended claims. 

It must be noted that as used herein and in the 
appended claims, the singular forms "a," "an," and "the" 
15 include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "a 
formulation" includes mixtures of different formulations, 
reference to "an antagonist" includes a plurality of such 
compounds, and reference to "the method of treatment" 
20 includes reference to equivalent steps and methods known to 
those skilled in the art, and so forth. 

Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
25 which this invention belongs. Although any methods and 
materials similar or equivalent to those described herein 
can be used in the practice or testing of the invention, 
the preferred methods and materials are now described. All 
documents mentioned herein are incorporated herein by 
30 reference to describe and disclose specific information for 
which the documents was cited in connection with. 

The term "velocity of the drug" or "velocity of 
particles" shall mean the average speed of particles of 
respiratory drug formulation moving from a release point 
35 such as a porous membrane or a valve to a patient's mouth. 
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In a preferred embodiment the vi« . 
" ' " er0 ° r «*-t«tUl ly zero ^The °* *• 
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channel. at the inner surface of the 

»• Points TnT g ?7,yTtr laXer " Sh3U — a set of 
channel through which alr ^ "«-~ of a 

^i=w the hou„ dary ^ ^^1^ "~ »*• 

«°w rate, e.g., 50v " s nhst a n tlally ^ ^ 

»» tern „ " .T "» «~ rate. 

" Pharmaceutical^ acceptahie L"" 9 UgUid - "-able, 
^algesic is suspended in «\ Pl8nt ma " ri ^ which 
"«ful carriers do 
"algesic end heve prop" le 

Of aerosoli 2ed particlM *» the formetion 

diameter i n the J^?* 1 * '""cles having a 

Ration comprising the carrier Id miCr ° nS * 
forced through pores having a . ""' "W-tay drug is 
microns. Preferred carrier!, , ° f °- 2S *» 3.0 

fixtures thereof. Other la"^ ""^ - 

" ^ -» he formulated to C re ate "»« d Prided that 

-t adversely effect the « £ ^ and do 

The term "measuring" Q " k " 1U " 9 " ssue - 
-her the i„s piratory f J an event whereoy 

'he patient is measured in 7 inspiratory volume of 
30 «™ the inspi r a ory t0 d " e ™ i - - optimal 

aerosolised drug, to, ac ZlZ\ " " "^"e 

volume may he made or th s 1 . ^ ° f both rate end 



35 
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25 th * effect of „ herebl - ma Wn g It 1 bef ° re *"<Vor 
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, the «r p assl „„ a . flow «lcul ated J* ln 'arpreted to 
15 "ae a long of 

— «*- the TOlum n- - - 
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The term «• 
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incorporated herein by rmf 

enoo m pa3see th e. freeac J " fe ^«- The invention 

Pharmaceutical^ active ^ here « to describe any 

PharmaceuticaUy acoepcawe ca«f. 9eS1C *™ S " ith a 
"»» 9 Properties sue .1. " ln liquid form 

Particles having a diameter of " 5 T ""-»«•« to 

formulations are preferable 12 '° ml « ons - Such 

^utions. ethanoli r tLti E o°„ Uti0nS ' 9 ' 9 ' 
solutions, sallne solutions "Tl' 

-crocrystaUine suspension Pol , ' 1 or 
°r suspensions of drug in a .^""ns can be solutions 
deferred foliations 9 aTe ?** PI °* eU ™- 

the "™ "therapeutic^ 



f , w '* ,n "therapeutic ,• ^ " aLer - 

he »P«tic index of , drugged ™*~ '° «- 

(lethal dose. 50 *> le defin j " LD » /E °«- The ld„ 

20 «U S 50* of the tested ali; als aS ? *" " * °rug which 
«« effective dose of the d " E °" ls *«»•<» aa 

seated. Dru9s wlch e *«" *°r 50V of the individuals 

is ap P ro Xim : c r r^r t inde * — -^ 

therapeutic effect at doses ve~ , " a ° hieVe th eir 
" " -e a narrow therapluti " ^ ^ 

SUCh Petioles consist essential, f rticle - deferable 
-h no free carrier e.g. ^ ^ — "~ *"* 

^ p^ri^ST -oaolired 
— comprised of a*^^.™^ 
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dr ug and carrier which 
'--for.ul.tion through . ZzzlTL/t™'* UP ° n £ ° rcln S cha 

«- «- « a flexlble ~ r: h r .r zl ; h iv r : fe r iy in 

a size which is suffin^io Particles have 

S Particles are f o„ " ' ~* «»t whan the 

a sufficient amount of time *" ^ * ir '« 

inhale the particles in Co t h e „ the -» 

«- Particles have a si« 1^'° 1<m9S ' »~«—y. 
•bout 12 microns having e b " n Che « 0.5 micron to 

" through the pores of s flexxbt * ^ *«" 

have a diameter i„ the Z^T ""*"»• » hi * P=«s 

«•• herons - the po res bel ° D ^ t0 

an amount of about ten to l „!„ °" tbm membrane 

of fro. about ! sg Tilli" °"* r » «~ *» -*«. 

i c ^' millimeter to ah™ it- i - 

The terms -lung function- anT - , CentW «- 

«• used interchangeably and shan k ^"'^ fun ««o" 

Physically measurable operations of T^*™ <° ~» 
-ot li mlCed Co Parations of a lung including but 

rates as wen J^fT* "* «~ 
2" quantitatively deters 9 V ° 1 "'° e - Meth °^ of 

-sure lung ' , Z\Z ' o « ^ '° 

Pulmonary Action may termination of 

analgesic drugs in tnat . X »« t «* »»en delivering 

stopped by the LTse T^T " ** » 
» -asuring pulmonary / unccion ""* ""hods of 

cHnic.1 practice 7JZ ti "d """^ e " Pl ° yed *» 

»o expiratory maneuver; o mea^e^", °' 

For example, forced vital capacl y ^c7 m 

volume in liters exh»l»^ pacltv ' <rVC> measures the total 

30 deep initial Z'^n t,*™ £ "«^ *- a 
^ conjunction with the forced eXeT"," 

'«V.> • allows hronchoconstltTon L VO br ^ 
evaluated. » n^v, : a quantitatively 

^termination is that /he , V " al 

3= «... forced exhalation T ^ "'"^ — 

exhalation from maximum inspiration to maximum 
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expiration) i s , 

^ 5 75 or forced exuir,. nianeuvers T h- 

5 *"cion o f a fc rc Tl^ t fl ° W °ver 

°. U3e "^ique depended th larly ' the PEV > 'ends 
measu ring volumes Qf P ^ dent than ^ ^ ^ 

d«fer ing po reioas •» Per mrnute ^ J 

<aterm in i„g the 3tacus * 7"*"* =xcl. can be useful ~ 

Particular, the D . I Wl!lt ' ! Pulmonary funct , 
"*-t air floB r.teTrr lrat0ry 'Zn as t t 

Pulmonary function correlated „ lth * 

«3 Pl ratory diseases. i^"* " lth — and otter 

-catment by administer™ ^"T lnVen "° n °" 
end goring lmg ^ a dru g delivery 

« ^1::^ -V be carried * 

ptroi~«- ^=;*-rr t .— - — 

fnf 6 Ca " be compared t Pa,:lent 's individual 

^dividual indices can b. ^"""al best data 

« ^dividual patient ^ ^ "* *« an 

"-nsionless index J^**"- * «C. producing 
««e asthma symptoms,, « " V" 1 "" tha « 
compare, against an expected -l indi " S =an be 

-d-es derived f rom ^titati" V '^° *« 

Z 'action of the Patient - s s « he ^ ™ated 

lnStan «. standards e xas t 1 9 ""^ and age . 
«Pected indices and these a" , calculation of 

-th the actual parameters d "ported along 

Patient during a monitor ZJZ^ " dividual 

spirometry test. ^ s "ch as a quantitative 
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er at 10n . Sd , factors should u ei ^t and 

PMBt should air aUy ' " haa <M« * taken Into 

the Z Bt ' 9 ^ rel — 

lns Piratory fl„ reIeas e point 

PSr a »d .ore D r f abo " °-/to k c ° *out 

«' the 'J* * bXy t. a , about lit— 
-Pi«t OIy ^^r- -int Bi 1 t ; in 1 "- Per seC; 

» SutTiv- 15 - iit:: °- is c ° ,:T nt ' s 

°- 4 liters; " ers ™d n,ore prefB 3,0 

of about n r e S1 re for » 

20 th . (4> the eoncn, t0 abouc 

the range of . cent rati on of m. , 

(3. abOUC to ^ drUS ln W» =arri 

Joules , thS ««»t of L • bout M.S. . in 

Ules to about ioo , ° eat ad <5ed to tK ' 

atouc « per 10 r e : - ^r^^ « 

and P« f erabt; ** Nation « I "*•"» b ^ Patient 

a bo U t 2 '" ^Ofthefo — 
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SOO psl l"' extrusi °" Pr esaure in a 

<U» s^ 8rably "° - sorpsi"^ ° f ^ *° to 

» vapor from alr; e "««°r to ^ 

/, c . -"-or water 

us; the shape of i-u 
diameter an,* ^ Cile P°re opening • 

* to 1/2 o and C ° end of 1 ra "° ° f 

— — =v aa ; ind the — - «- porous 

(16) the thi u n 

the m-»v herons; co 200 

flexiMe eo to have . Convfix gh 

20 ^yond th. „ " Protr ^es outward 7 ^ ^ tD be 
* a the f iow bound unward in a convex shano 

through it. and when formulation is fo ^d 

^ 18 ) the fir- 1ri „ 
same point a - iira -ng point to be m* 
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| i-Me£2jo^oi 

in 
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A non- invasive mea 

Pain relief \ qUlCklv a "<i efficient, PatlMt 

the <„. essential f.,,.,, tIlcl ently provide 

Patie:: raPUlm0nary de "--V of an" " ^ ^ntion is 
Pataent ln a controlled anJ "algesic drug to th 
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iC Possible ^ , v. 

Ae Co achieve n,» 

Procedure he Con troli e d 

ur e required AA ea and repeatable . 

^at analgesic druo method PreferaM 

° f * frc T 1S r » 1 «~ d automatxcaul y 

signal when H 1 "^Processor J " UP ° n rec *ipt 

- - an zit::^ receive « <** ^:;zzv° send * 

de vice W it h !! 6 monit <*ing device T * d&Vic * SUc * 
^asured one or lnSpirat °ry volume of «T nSPlrato ^ 

-asured and recorded 7nZ Z 

analv Zed * £ The r^^****** fl ~ 

20 Purred plin V^^ 8 - in 0r der ^ 
the r«! w ith ln the patient- . . to deduce a 

. release of analges^ T * las P^atory cyc i* - 

being J-aesic drug W i h>1 „. y cycle f 0r 

s calculated ba*^ h the Prefer-*^,, 

T r P ^r ery - ^ :r ve * 
— r ^ ^ ^ l - 

T «e combination * aeiivery. 
rel «se, Combined °"° f automatic control of th. , 

and tlme for the reiease 
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°f analgesic drug comK - 

S t lme each ► ■ re P e «edly opened for C h Cffl be 

„. Sach tlme or for the Jl Che sanK amount of 

' lB,e " hlch * a ^sired at " at ■~ U »" 1 of 

"suffi ciency , such « • certain degree of pul a 
"Storing event by the Ji lnt ° acc °™t in th T 

" f — * and/or i^^^TT Wl " 

• manner oaiouiated to pro" * f ^ aMl9esl = ^ug i» 
d Che . — ^ount of ana l3 e7r c "* admi "i a cr a tion of 

dosmg event. 3eS1C dru 9 to the patient f 



£ «- invention whicnTshaP^T °* 8 > 

T »e oontainer ! has an by a ""apsible wall 2 

-morane 3 Khich u 00 ^V"«- »* a fiexihie porous 
memhrane 3 ma y ^ *« ad "* a removebie layet / £ 

25 oonfigur a ti n n , Protrude up wa rd i- 

sur aCl on away from £ormu ,„. PWard ln a convex 

« » removed the „ alI 2 M 5 ' «« the la y ex 

" a a„ algesic formuietioH ^ ^ *«U 
memhrene 3 which KiU then p^ ««- 
snape. protrude outward in * „ 

30 ln a convex 

Figure 2 is 

P«terred embodiment * 7°°^"°™ ° f a "ore 

2\ " ntai -r is shaped a b ;° a nCa c l " ar 1 <* «- invention, 
container i inoIudes * y a c °«apsible wall 2. The 

— * which ch a ;Lr 6 r c Tui; hich uad * - - 

"eludes an abutment 7 „ hich ia 
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broken upon the " 25 " 

flexible 1 lati ° n 5 f lows to J abUtment ' is 

Figure 3i Sao y non -breakabl e aW ioWln 9 
1 ° f F igure 2 3 «o— sectional vieWo e f a t b h Utment 8. 

^rrc the rs^.»- ; 

"using" * 21 ^ and thr 3 ab ""ant 7 

a after a ' t " been f °"'° against ch 
Section of th P lent 10 begins ±2 , cont ainer 

be assure' * Che «■* path a * of the 

a f!ow "of 7° SS dlM «ar of the c h Chan ° el " — 

channe! f l h 1 -- «*. ait -fT* 1 to 

inner 

a hig her veloclt „ through the 

25 to the * faee "° f channel. The a aWay £r °™ the 

* flow J„ *. rfaCe) ls very sao „ (1 " a - e - infinite^ 
"Wch a^a d 7 » 8 et a T° a0heS "~> 

Sns - - - ^ :r le ;; 

To allow 

the up per s ^ lr to freely u 

substan.-- , , ° f the flexible channel n 

Plane ^ flUSh Wit * d . i membrane 3 is 

P 3116 as) the inner U ' e " « s ^stantiall y thp 

surface of th* Y he Sai »>e 

6 Channel U. Thus, lf 



W 0 96/13291 



*CT/US95/13<>io 



the membrane 3 " 6 

f °«u latlon ° £ Particles. More » avoiding 

ca " face ^ he P^ticles . Wft ich the 

P««icles „- >. he air aside tu * Preceding 

15 Particle, T t UP and -rge into ?™ lat « "leased 

^aied w ( 1:96 Par "«as which T reSUl " n9 in 
having , f. t0 Che l"ng - e.g.. the , CM «" be readily 
in s a diameter of fo n"ati on of ~ 

A Plan e than about l, » Particles 

=0 deliv» J plan v «w of a si™,, 12 • 0 ""rons . 

* " ery de «« 40 of the L emb °di«nt of a H 

f- a pa=Sg r r°rr d -^r-? a 

suffer frr enMonai m — * °r h ai tion is " ~ d ~- 

"ault i„T h ^ ° £ "'advantaged "* 0ebuli "« 
del iver th «° "ae these d. "Vantages 

Edition nr ntS " lth 3«atl y d!ff 1Ce " USed 

a fiLd di »aring arnounts of d hu "*<«ty 

35 are deli" , ^ ° f alr « si-iLr 9 "* deUvarad 

ered int ° di « a «ng ^21; 0 r?: ities ° f 

air. By add . n3 
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by about 20°C for about 100 doses (see Figures 5 and 6 re 

energy required) . 

The formulation is preferably heated after the 
formulation has been forced through the pores of the 
5 membrane 3 and aerosolized i.e., energy is preferably added 
by heating the surrounding air by means of the air-heating 
mechanism 14 positioned anywhere within the flow path 29. 
The amount of energy added by the formulation heating 
mechanism 45 or air-heating mechanism 5 is controlled by 
10 the microprocessor 26 based on the amount of formulation in 
the container 1 and other factors such as the concentration 
of the analgesic in the formulation and surrounding 
humidity. A hygrometer 50 and thermometer 51 are 
electrically connected to the microprocessor 26 allowing 
15 the amount of heat to be added to be adjusted based on 
ambient humidity and temperature. 

Potent drugs which are highly soluble in water, 
ethanol and/or mixtures thereof are particularly useful 
with the present invention in that such drugs can be used. 
20 The carrier may be chosen to provide for greater solubility 
of analgesic in the carrier to obtain a high concentration 
of analgesic and thus require less energy to obtain 
evaporation of the carrier. For example, a prescribed dose 
of Fentanyl (a highly potent narcotic) is 100 micrograms 
25 and such can be dissolved in 10 microliters of water. 
Particles having a diameter of 6.3 microns can be formed 
and subjected to evaporation to obtain a particle of one 
micron in diameter. In the respiratory track this one 
micron particle would be expected to grow to a 3 micron 
3 0 particle due to moisture added from the high humidity 
environment of the respiratory tract. 
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p igure 5 i s a 
the amount of 3raph whic * can ha 

° f ««ier fro „ ^ polling the 1 Jhe si2e of 

»at er vs ! ^ ° £ formation th * 9raph « 
the cooling of t h. tempe «tur e and reI tlW """ity of 

that shoVa " the ««« ^1" ""^^ 

10 the denslCy ™" « **M increase with t The 

h y ^ d ; at " - r ta alr _ ;^-^»t«. 

re Presents th« m • 10o% relate/ / ' and 100% 

- - - P ::; e rr rr er ° f -S^t^ ~- 

show the f-^ -titer of a <>. water that 

Q ensity and f-~„ tile evano^.. • r ^ss 

t^se curve, To'""" P " 0M *' the 

20 «l=« es/9ra *• «r speoifio he air den "ty of 

0 - S «oa 1/m3wer f d W «er utent heat of h 7 ° f .*0i 
°f a lr wla " ? aSsume °. These va of vaporization of 

c ° o1 a liter of ,'■ eva P°«ti„g 10 ** mill *9r™ of 

Pleating needad *» «eo to calculate t„ 
"a carrier ln !? ** all or aaount of 

— — the initio aer ° SOli -o particlea antiaUy a " <* 
relative hu m i d i ty ""ditions ai . e *!" a * a "We. 

30 evaporate 10 """her. aa sume ^ ™ d S0 * 

solution. Pi*,, ,10m9s ' °f water from ° ne to 

7 »»- **r Z" ""~ tha «nal 7 e m i at aj *™» 
a ^-ate «» a W eo 1 : 9 e hUmldi tv is 

articles would CO n tain M °« a Pacif ic ~ ^ th""" W 
35 and „ater. To e f a PP«*i,natelv ecus) ° final 

™ calculate the * 1 amounts of dr„„ 
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P°«t corresponding ^ *> Wgux. 5 ^ 

M ° Ve by 10 Jf,. to 2S ° C and 50% rels ,\ Locate the 

-aporated £ ^ ll9 *— ' th. a moU nt of ^ ^ty. 

s crossed. This ° t0 the lef * until th Water to be 

13 occurs at- u ""taj. the 75% on 

be added to „ at P Cle " c - However, stl1 , he as 

evaporates '"T* ** the coo llag of the "°™ '"^ -t 

Ci * «*9ht) until t h tra J=« ory ^ (d ° f move 

"ached, at Z lnltlal a *ient „ a T ' dOWnward and to 

'he air ?» CC * i ~*1y 47-e. Th us d ««it y is 

ls a functlonrth" 00 ^ 3r ° wth "tea of aou 

^aaoived ther ein ^ dia -ter th ! 

humidity. T*" '""centration) ^ the *™»™t of drug 

- — conoentrtitnnr 9 £a -~ - -ttr:" 19 "- 

or i OWer . . xon at the surface of -u the Wa ter 

numidity in i vorate to a 1 micron . tlVe micron 

» Uro CW ^ 6 How^r Tf Par " Cle in °* 

u ul a r er ls lnhais * h a partlcle of 

appro xinatsly ^ about 3 microns '"- 5 * 

35 — an y viT: m ::r by -~c^rj: 
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™ter vapor from air bei " ' ^ 3 maCerlal »«oh removes 
5 "ducing or more "to the flow pach 29 . 

«- air any water i'p^uT^T^ ^ *~ 

efficiently evaporated fr" 1 " 10 " °" * ™" 

t° the patient win have a 77,,' Particl « delivered 

«ve„ if energy is and ^e uniform si2e 

10 f ™ «- -*^« of th ; 6vapora "° n ° f 

Piece 30 which caus P tlent inhaies from the mouth 

*1» sensor 31 „ ith " " * "°" '° be by 

- Prefarably is . in path ma y he. and' 

»*• inspirator, flow causes an air"^ 8 ^ 
generate a signal ^ "° W transducer 37 to 

microprocessor which is able c ° nve y* d to a 

signal from the transducer 37 in T'"' 00ntin "o«sly, the 
" « « a flow rate in liters plr "i "^"^ «°« Path 
« oan further integrate thTs ^microprocessor 
signal into a representation of" ^ "°" r "* 

-iume. At an appropriat P olt n C r latlVe 
the microprocessor can send , .7 , 1I,s P lr atory cycle. 
* PO«ar source „ to the a rVea^ * ^ «" 

"formation from the ^ *» " " M «— 

p «ticle siae and of \ th ™ tBr 51 * nd 

"rcroprocessor a!so sends a signal ^" uUtim - 
causes the mechanical means J th ~ aCtUat ° r 
»° drug from a container of tha t. J P1St ° n 2 "' '° '° rCe 
»o» Path 29 of u.*^."'*^ 
patient -s i ungs . lCe and ultimately i„ Co the 

oarriar win p L th " laaaad . th. drug and 

«. formulation and theraafta ™ ' '° a ™i 2e 

5 Patient. thereafter enter the lungs of the 
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preferably i ocated . " »/ The desiccator „ is 

tteo U9h the desiccator :: „:: er particies - By a ir 

remOVed *» P-« or completely " ithln "» air *• 

» *«« into the remai nd e r o f . ^ 

" water carrier a ~ 

Parties will more «»"r » thln the 

anergy „ eeds wich ^^"V TWs Ureases the 

desiccator materlal can be anv c heat1 " 3 dSVl « s «• The 
vapor from air. Por e^l, X . " hiCh abs ~>* "ater 

'«« «- group consists Vp o * 3 °°~ 
«*. cao. caci s , <»■ KOH. H350> , 

4 ' 

Figure 9 

,0 in ^»tory £iow rate 3 i r pl lT e n d ai ° nal 9 "* h ^rein tha 
TO1 ™a- The patlent . Pl ° tted ^amst the inspir atory 
inspiratory volume M „ Z ." Spirat °-T flow rate and 
a«.r»in,d. e. 9 ., "^aneously Md separately 

. thS ""—tie. obtained from 1 *" «- 

' a microprocessor which mil "aasurement provided to 

"lease analgesic J^T tTlTT**™ *" Pr ° S "™ e d *» 
inspiratory fl OK and ' " the "me point relative to 

*-* « to select TOlUne " eaCh rel — o* 

Parameters of inspiratory A * 01 " " ithin ^"ibed 
in the particula^r. 7 * "* in apiratory 

Microprocessor was o~ * Pl °" 6d in «*9«. * the 

-eral areas witTrespeTtTL" *" 
mspiratory volume parameter T^*"* ' l0 " «* 
— »eing plotted P ~ ' ^ raited in data 

general areas on the two- 
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dimensional graph of figure 9. The four areas are labeled 
A, B, C and D. In area A (showing solid triangles) , the 
drug was released when the patient's inspiratory flow rate 
was "slow to medium" (0.10 to 2.0 liters per sec) with an 
5 "early" inspiratory volume of 0.15 to 0.8 liters. In 
area B (showing open triangles) , the drug was released at 
a "slow" inspiratory rate/0.10 to 1.0 liters/sec) and a 
"late" volume (1.6 to 2.8 liters). In area C (showing 
solid diamonds) , the drug was released at a "fast" 

10 inspiratory flow rate (3.5 to 4.5 liters/sec) and a "late" 
volume. In area D (showing solid circles), the drug was 
released at a "fast inspiratory flow rate and an "early" 
inspiratory volume. 

The results shown in figure 9 were obtained while 

15 administering a radioactively labeled drug to a human. 
After the administration of the drug it was possible to 
determine not only the amount of drug, but the pattern of 
drug deposited within the lungs of the patient. Using this 
information two conclusions were reached. Firstly, it was 

20 determined that it is important to simultaneously and 
separately consider (in real time) both inspiratory flow 
rate and inspiratory volume when determining the point for 
drug release for intrapulmonary drug delivery. Changes in 
either parameter can greatly effect the amount of drug 

25 deposited. Thus, when treating a patient the drug should 
be released at approximately (±10%, preferably ±5% and most 
preferable as close as possible to the first release point) 
the same inspiratory flow rate and- inspiratory volume each 
time - going back to the same point each time for the same 

30 patient ensures repeatable dosing. In practice the tighter 
the point is defined the greater the repeatability of 
dosing. However, if the point is defined to precisely it 
can be difficult for the patient to obtain that rate/volume 
point again. Thus, some degree of tolerance is generally 

3 5 applied. Secondly, it was found that within particular 
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ranges with respect to inspiratory flow rate and 
inspiratory volume it was possible to obtain a consistently 
high percentage amount of drug deposited in the lung. Such 
results are shown graphically within the three dimensional 
5 graph as shown in figure 10. 

The third dimension as shown in figure 10 (the 
height of the four columns) indicates the percentage amount 
of drug deposited based on the total amount of drug 
released to the patient. The area labeled A clearly showed 

10 the highest percentage of drug delivered to the patient 
based on the amount of drug released. Using this 
information it was possible to calculate a specific area 
regarding inspiratory flow rate and inspiratory volume at 
which it is possible to obtain not only a high degree of 

15 repeatability in dosing, but obtain a higher percentage of 
drug being delivered based on the percentage of drug 
released. Specifically, it was determined that the drug 
should be released within an inspiratory flow rate range of 
0.10 to 2.0 liters per second and at an inspiratory volume 

20 in the range of about 0.15 to about 0.80 liters. This 
range is shown by the rectangularly shaped column of figure 
11. 

In that intrapulmonary drug delivery systems often 
provide for erratic dosing it is important to provide . a 

25 method which allows for consistent, repeatable dosing. 
This is obtained by simultaneously and separately 
considering both inspiratory flow rate and inspiratory 
volume in order to determine a point by its abscissa and 
ordinate. If both measurements are separately considered 

30 the drug can be released anywhere along the abscissa and 
ordinate scales shown in figure 9 . Once a point is 
selected (such as by randomly selecting a point in box A of 
the graph of figure 9) that selected point (with the same 
coordinants) is used again and again by a given patient to 

35 obtain repeatable dosing. If only one parameter is 
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measured (abscissa or ordin,,- i 

» that parameter the d rug d ^ *• released based 

Una on the graph ot f iguj 5 ^ " de " ned * - 

the rel ease can be at a! J\ *"* U reUased «9*» 

* the inspiratory f lo « 7 t fT " "«"• Por example^ 

-cissa, mig ^ be w *zjz°7i?: u ° at * n > - - 

inspiratory volume ,„ hich „, P ° lnt ' *>»ever. the 
considered) „ oul d be define , " ,easured and/or 

^s. subseguent releases JoL t * * '""^ "«"■ 
" -l°n g that vertical i ine " di " e ~nt volumes 

consistent. By measurinc both • 9 W0Uld » ot be 

and inspiratory JtC 1 "° W ™' °» «- 

coordinants „ iU mark a p^int /or d °" th * 
«» be found again and ag"n t T rele * Se - That P oinc 
» *•*».. The same point shouad 1 " ^"^"ty in 

closely as possible anri 

oe selected each time as 

"th respect to each criter T IT^" °' ° f *"* 

"creased and still »a intai T " e ** error can be 

repeatable dosing . but th MC!PtaMs of 

determine a preferred and partio,!', " P ° ssible to 
Preferred range as per f t " ' M «' 

2 = Preferred range of figure TsL"' " ' »» 

^- =f o.is to o.e Uter . an 7 dru9 •* a 

liters/second. The particular^ . °' 0 ' 10 to 2 -° 

"9ure l 2 indicates thlrt h ; Lr d rM9e Pl ° tted 
within the range of „. 2 to Z^Tu^ °~ ^ »° 
30 " inspiratory volume in the rano , SeC ° nd " ith 

liters. The most preferred ° 15 t0 ab ° ut 0.4 

to about 1.8 lUeTpir* '"f" iS 

inspiratory volume. Thus p^?' "l" £ ~ *h. 

35 obtained by (11 ' prafe rred delivery can be 

°y (1) repeatedly delivers 

Delivering aerosolized 



WO 96/13291 



PCT/US95/13910 



- 37 



formulation to a patient at the same simultaneously and 
separately measured inspiratory flow rat. and inspiratory 

speeded therapeutically effective ranges as shown within 

LTufter " ^ " ' inVen " 0n »^ 

12 L ^ r aSUrin9 ' lnSlde rM9eS " »« fi *«- » 
12 or 13. Thus, the release could begin inside or outside 

ratrT Pre£eraMy Che ^ «l«se begins inside the 
range and more preferable begins and ends inside the ranges 
10 of figures 11, 12 or 13. 3 

The methodology of the invention may be carried out 
usrng - Portable, hand-held, battery-powered device as 
disclosed herein which uses a microprocessor as per O S 

IS S 4 e o C 3 S 3 6 N ° S ' 5 : 4 ° 4 ' 871 ' 1SSUed APrU 1995 and 

5 450,336, rssued September 12, 1595 incorporated herein by 

me t „I e T' ^ aCO ° rdance » ic » mother system the 
methodology of the invention could be carried 

US 94/05625 „ lth modifications as described herein. m 
accordance with the present system the analgesic drug 
(whrch xs preferably a narcotic, is included in an aqueous 
formulate which is aerosolized by moving the formulation 
through a flexible porous membrane. Alternatively, the 
methodology of the invention could be carried out using a 
25 mechanrcal (non-electronic) device. Those skilled in the 
art recognized that various components can be mechanically 
set to actuate at a given inspiratory flow rate (e.g. a 
sprrng biased valve) and at a given volume (e.g. a spinable 

30 IS " hiCh r ° tateS 3 9iVM am ° UnC * er a aiven volume, . 
The components of such devices could be set to allow drug 

release inside the parameters of figures 11, 12 or 13. * 

The analgesic drug which is released to the patient 

may be in a variety of different forms. For example, the 

35 IT 9 ^1 bS a9UeOUS SOlUti ° n ° f dru 3' i-a-' drug 

dissolved ln water and formed into small particles to 
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create an aerosol 



low-bo 1Ung point prope 9 u J t ^ "herein . 

"other embodiment the drum „ T solv ent. In yet, 
» Powder which is inte™^ w Tt y n » ^ ^ ^ ° f ' ^ 
P«v ide for particlized delivery of d * ° I * r to 

regardless of the type of dr^Tor t^f " P " ient - 
formulation, it u preferable JVrle T °* ** 
havmg a size in the ranoe of k U9 Particles 

» o-ting drug partioles^hfoh ^ "* ' mlCr0nS ' * 

range of size, it f . . * relatively 

narrow 

efficiency of the drugTe iverv^ «» 
repeatability of the dosing. Z^Tl ' m «» 

the petioles not only have a sUe in th PreferabU 
5 microns but that th» ran9e of 0.5 to 

narrow range so «.t S0*T U » ithi ° • 

— ered to a P.«^^~"^. ^ 
"ithin zso* of the average paXe ^ is 

"d more preferably ±s » of -K S12e ' pr eferably ±20% 

20 The velocity at average particle size. 

released to the patient "is'LT- aer ° S ° Uzed drug le 
obtaining a high degree of ^rtant in terms of 

Providing for a high per centa "T*""'* *" «* 
the patient's lungs Most T ^ deli «red to 

» trom a container in a dirTt *"» *' * 

Petienfs airflow. .^^T^? iS — to the 
directly upward so that its « 9 be relea =ed 

respect to the pattent s I " * 5 °° a " 9le 

Preferably directly horizUal Tt"^ "°" " Mch » 
» drug velocity JLJ^'J^,^ «- 
suspended for a sufficient period 7 Par " c les remain 
Petienf s inspiration to d aw the d rut 'T '° aU ° W tha 
lungs. The veloci to /; el h a e se d . rU . 9 the Patient- s 

the drug release point 0 t ' ^ 

" Pati '«'e inspiratory fL rate bu^ ^ "* 

rate but ls preferably slower 
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on the density and viscosity of the formulation keeping in 
mind that the object is to provide aerosolized particles 
having a diameter in the range of about 0.5 to 5 microns. 

The drug formulation may be a low viscosity liquid 
5 formulation. The viscosity of the drug by itself or in 
combination with a carrier is not of particular importance. 
However, the formulation must have characteristics such 
that it can be forced out of openings to form an aerosol, 
e.g., using force (e.g., 20 to 500 psi) to form an aerosol 

10 preferably having a particle size in the range of about 
0.5 to 5 microns. 

Drug may be stored in and/or released from a 
container of any desired size. In most cases the size of 
the container is not directly related to the amount of drug 

15 being delivered in that most formulations include 
relatively large amounts of excipient material e.g. water 
or a saline solution. Accordingly, a given size container 
could include a wide range of different doses by varying 
drug concentration. 

20 The amount of analgesic drug delivered to the 

patient will vary greatly depending on the particular drug 
being delivered. In accordance with the present invention 
it is possible to deliver a wide range of analgesic drugs. 
For example, drugs included within the container could be 

25 drugs which have a systemic effect such as narcotic drugs, 
for example morphine, fentanyl and sufentanil. Other 
useful drugs include those in a class known as NSAID's or 
non-steroidal ant i- inflammatory • drugs - particularly 
ketorolac and including acetaminophen, and ibuprofen. 

30 Drug containers may include indices which may be 

electronic and may be connected to a power source such as 
a battery. When the indices are in the form of visually 
perceivable numbers, letters or any type of symbol capable 
of conveying information to the patient. Alternatively, 

35 the indices may be connected to a power source such as a 
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battery when the indices are in the form of magnetically, 
optically or electronically recorded information which can 
be read by a drug dispensing device which in turn provides 
visual or audio information to the user. The indices can 
5 be designed for any desired purpose but in general provides 
specific information relating to the day and/or time which 
the drug within a container should be administered to the 
patient. Such indices may record, store and transfer 
information to a drug dispensing device regarding the 
10 number of doses remaining in the container. The containers 
may include labeling which can be in any format and could 
include days of the month or other symbols or numbers in 
any variation or language. 

In addition to disclosing specific information 
regarding the day and time for drug delivery the indices 
could provide more detailed information such as the amount 
of drug dispensed from each container which might be 
particularly useful if the containers included different 
amounts of drug. Further, magnetic, optical and/or 
20 electronic indices could have new information recorded onto 
them which information could be placed there by the drug 
dispensing device. For example, a magnetic recording means 
could receive information from the drug dispensing device 
indicating the precise- time which the drug was actually 
25 administered to the patient. In addition to recording the 
time of delivery the device could monitor the expected 
efficacy of the delivery based on factors such as the 
inspiratory flow rate which occurred following the initial 
release of drug. The information recorded could then be 
30 read by a separate device, interpreted by the care-giver 
and used to determine the usefulness of the present 
treatment methodology. For example, if the patient did not 
appear to be responding well but the recorded information 
indicating that the patient had taken the drug at the wrong 
35 time or that the patient had misdelivered drug by changing 
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inspiratory £l ow rata , 

determined that further eL""" 1616386 U *• 
device was needed but that th. " Patient use °f the- 
-ght wen be useful. Howeve T 5T* ^ 
5 that th, patient had delivered fh r ~ onU »«- indicated 
technics and still net obtain^ Jf" ~ 
Cerent drug or dosin g ^ethodoC^tT" 9 
The method of managino . "commended . 

«rried out using a hand-held Patienc '= Pain may be 

» <a, a device for holding a di™ "m *' ^ CMP "-c of 
« least one but preferably T"' <* 

W 3 WUnt or a mechanical me eh 
contents of . contai „ er "-hanrsm for moving the 

monitor for analytic, th. I P ° r ° US membrane (c) , 

" of a patlent , ^ ^ r^r^ fiow - race «* 

o r aring the mechanical 

and/or volume reaches a threshold , lns Piratory flow 

also i„ clude . t me^hai ™" deVl « may 

one container to the ne« '° P ~*age from 

20 "Gained, u ght weight £ *nfrre device is self. 
<*an 0.5 kg ioaded) an(J -nan 1 kg preferably 

less 

- iiowTatr:;: r^^r pie ~ - - - - 

«"ch causes an inspirato^ Aol to " ^ pla " 

5 "~ pat « "hich path may be i, a , meaSUred the 
relationship. This " 8 fo„-l lnear f loK . pres 

transducer to generate a signal £ ~ " a " "~ 
to a microprocessor which is abl. - Si9 " a: iS conve yad 

the signal from the transducer In tL^""*' ° 0Btl — 
30 to a flow rate in liters ner "spiratory flow path 

=an further integrate this^T"" *" "^"cesser 
"to a representation of ctlut"e7 ^ ™° ^ 

an appropriate point i„ l" lnsp "acory volume. ac 
microprocessor can send a sit ^'""^ cycle, the 
" 'and/or a vibration device beTol £ " — 

OW the ^sonance cavity,. 
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When the actuation means is signaled it- 

from a container on the packaoe ±m- n . Ka • • 

Dath of . Pacjcage into the inspiratory flow 

tlm,„„ h released, the drug and carrier win pass 

hrough a porous membrane which is vibrated to aerosoLe 
the formation and thereafter the lungs of the patient 

convex /n-riM- r - yn as M^m n- 

10 flexible^ ^ ^ Pl9Ure 3 C ° nVeX Sh *P e th « the 

role_ The membrane may be rigid and convex such as the 
rigid convex membrane 80 shown in Figure 8. Alternatively 
formation 5 is forced from the container 1 by force 

» =au i" SOUrM SU=h " ^ PiS "" « 

melrane 8 f0rmUlati ° n S C ° sgsinst s flexible 

membrane 3 causing it to convex outwsrd beyond the plan of 
the resting surface of the membrane 3 and beyond the plan 

with the Tf SUrfaCe ° £ ChaW,el " WMCh iS 

20 , " men,brane 3 When the -vainer ! is in 

3 ^s/ 86 P0Si " 0n - ^ ~ ^ * 

L -T" ln 91,1:6 3 - *" C ° nVeX UP " ard «"ortion of 
the membrane is important because it positions the pores of 
the m mbrane beyond the boundary layer 13 (shown in Figure 

25 contsi " mOVi " 9 ° £ thS Channel 29 • A »— r of 

as is sh" ^ COmleCted t09ether C ° £ °™ * "«*••• 46 
an .1 ^ '• ThS PaCka9e 8 is in ^e foL of 

an elo ted tape but can be in any configuration, e.g.. 
circular, square, rectangular, etc. 

0 the J^Z^^TT 3 POSiCi ° ned bey ° nd 
unaary layer into the faster moving air of the 

channel advantages are obtained. Specifically, the (i) 

formulation exiting the pores is moved to an air stream 

partL T be / 6adily Carried to th * Parent and (2) the 
particles formed do not exit into slow moving or "dead" air 
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and thus do not rapidly decelerate to ■ * 
Particles behind them catch up with col! h ^ ^ 
with the particle. Particle cln " ^ "* merge 

because they ( a , result in C ° Ul81 ° nS are «"* desirable 

• - cannot be ^^J^T^ ? «* ^ 
-suit in ^ aerosol ™° the lung; and (b, 

Particle sizes. Either or both ^ * nd unpredictable 
erratic dosing. ' and (b) can -suit in 

heat ls added the only material aail Y- " sufficient 

" c arried r; t "tr a d i° v Tc e of th c a h c e obr sent invention c ° uid te 

««. . Ho„ eV e r , ; h r ° b ; t r p r r £ro ; a plus - in 

""-contained, hand . held devi "« " P»f.»bl y a 
Heatine TCChanisms of vario ; s Ce t ^ h c a n t) tCer ^ P °" ereQ - 

portable heater is l "erein by reference. a 

applications 0,430,566 ^ 7or a^Lord v" 0 "" 11 
and 0,358,002 for "Snw^ delivering article- 

's energy, ., both of wL ch aleTn 3rtiCleS UtiU2in9 el — ic 
- disclose and d rib he^T ^ * ~ 
batteries. beating components powered by 

BecorrHr^ in^Qrmat^ 

30 a ^j^z p T t r bly inciudes ■ — «™ 9 

^rr;:Lt pro£ua - * 

measurement trensducer bv L meanS ^ " "°" 

possible to change the f ' dSViCeS ' U ia 

chenge the f lring threshold ac 
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response to an analysis of 

P-£ile. ana it J J^*""*'' Watery f lo „ 

events over tlme . i n a oa« ^ ^ *** *»*»• 

the characterisation of Prefer ~ d -*o-i-«t 

5 recorded onto a recording, in *Prratory fi ow can be 

a nonvolatile memory „ hich "„ k stained within 

<""**•■ in another L d Vi ° » 

information is contained S"*' *»-e«9*— 

« - be unplugged ^tl^a ^ 

memory unit containing aif ~* repla « d another 
^ yet another embodiment . ^ Pr ° 3ra ™ 1 ng information, 
read only memory whichTn t ' mCr ° Pr0 ~. containing 

i5 -formation. U^l^™^ ^TTT^ 

::i:et^r:; : h :r 9 the — ^ 

^e behavior of the l^TT^ 

he programmed In . ^ "» Coprocessor to 

accommodate different drugs ToT'd . „ ™ S " *"» "» 
treatment. g for dl ««rent types of 

In one embodiment of the j , 

invention several different criteria a ^ ° f ^ 

considered. (1) The i nspiratorv " e simultaneously 

volume are simultaneously 'dl ^ ^"tory 

repeatability. (2 ° T £ *"/ irately measured to insure 
Parameters of figu res „ "f, " released inside the 

Parameters being most preferred Z ™ £i9UrS 13 

the released drug is i„ Eh . ' ' The Particle size of 

•<>* or more and the partie/T ° £ °' 5 " 5 herons and 
average particle si/e u — '*« as the 

Particles are released at T <4 ' The d ™9 

a «o« rate in t h. ! " " WCh Gained at 

and less than 2 0 Xs/sec""" ^ """/sec. 

actual velocity can v " t ?' *" indic ated early the 

release velocity shoul^sT " * ° f T «* 

ity should be determined so that the particles 



be 

20 
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°- 5 ^ 2 cm from the z llllll°"* after travali »* -»ut 

Patient Inhalation. In th e D « ^ " "» of 

Prides move along Wi n r ° £ i0hala "°- «~ 

«o„. The speed = How oc £asCer 

*» • direction toward the back , 3 « P 01 " 

P«lent. fte back °f the throat of the 

After dosina a n • 
io ^ it is desirable To :l Wl ' h " analgesic 
10 ad ' u *tme„ts as needed to obtat t T Md «*• 

"tio. In acoordance with all "th, '"" ^ £o bl °°< 
P-» s button to release druT d °« ~* 

automatically by signals £V drug is released 

w ""surements obtained. ""roprocessor using 

The amount of anal™—- 
patient „U1 vary greatly " C ° «- 

Tr: deiivered - in ^h°;: he particuiar 

" " possi Wa to deliver a w<„ PreSent inve ntion 
analgesic and narcotic drugs Ath * ^ ° £ 
20 "eing sufentanil which J m ° St P re£ arred drug 

Patient in an am„„„ Orally admin 

istered to a 

* *a Pointed out that eu^tanil ^ ^ » " "° «• 
times more potent than fentanyl IL" ^"^tely ten 
that f entanyl is g e„, rally "jer preferred drug, so 

5 ^ ° f *»»' * ,S - 1000 "g These^ * ""^ " « 
assumption that „ he u are ^d on 

"■ethodology is used " he " . "terpulmonary delivery 

approximate^ 10% and ° f «>e delivery is 

™st be made in order to ta ke t t " a "° Unt «• 

30 of the device. The diffejli , J""" e «--ncy 
analgesic drug actuallv . bet "" n the 

amount of 

a-unt of analgesic drug actual 2? ^ — «• 

vanes due to a number of f aceo '° Pa " ent 

«ed with the present invention . 9e " eZa1 ' 6evi ^ 
35 X" as 10, and as hig h as 50s Tr ' " ''"^ « 

°* ° r n,ore "saning that as 
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r o, more might zTu^z :«r as TOch as 

delivery will van, u efficiency of the 

u var y somewhat from catipnh #-„ 
5 must be taken Patient to patient and 

« »o nl . Ji^st; of ~ re from 1 * 

=f approximately M » to iTll T f ad * ini stration 

potency! ; a ; h r;r e rr n :rr ave ^ 

concentrations and Z T ^ f °™"lation in different 

neatly in te ls of th £r » d -i«s which vary 

entire do"ing™J t ^ '"^^ of drug delivered. The 
" patient with each of t^ ^ SSVeral * the 

one or m ultip le L/ts of ^ ^ bei " 9 ^ 
t Z analgesic drug from the device 

analgesic T ^ ^ 

consideration The n nSltlVlty *»*<• 

« vary dosing over tCT/ "T^ " <° 

and/or if ! ser c ' analgesic sensitivity changes 

over time eo * l ««» and/or lung efficiency changes 

"Sing anTte'chnowT °' "» 

* cuiy uecnnology known to thn R p e wn ^ . 

30 For example, respiratory rate caTbe " * 

device which encircles Z patient -a h """" USln9 3 
a signal each time the chest e».U, ^ "* ^ "" ta 
the device sends . ■ 7 eXPandS and/or contracts and 

by a druo d//s ^ ^ th3t Si3nal »* -ceived 

3S PreaentTnvent Sln9 1 " the 

mvent.cn. Alternatively, the EKG of the patient 
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can be monitored and 

«- » - to r * I e «rr i0nS T ^ — —d on 
information can also bl to thT^ Th - 

— adjustments can be made in th 9 diSpensin 9 ".vice 

* to the patient cased T L^JZt °< 

Changes in the volume of the lit ^"tory rate. 

« only two of many possible wtys to """" * Bd/ ~ EKG 

rate and Ba a ser: d t r deuvery ^ °--r respiratory 

10 dosing or « algesic d"'" UB *™ t «- '"at the 

«- device can he ch^geT^,^"^^ ««- 
Prior monitoring event wherein ^ ■ ■ ~" *— 
Patient- s inhalation is measured of a 

» effect crre^Ct" ^ « ^ monitoring the 
-algesic drug released f ro m ^™ ' ~- of 
m decreasing the patient's r aevice - If the response 
«an with previous readies tlTt^T *"* '~ t ~ 
or the minimum dosing inters! is " ** 

° response in decreasing re. Dl ™ leased. „ the 

Previous readings, then th TZT " leSS th *» 

minium dosing inte™! Is 7 am ° Unt - 
and decreases are gradual and Se °' *" inC """ 

averages ,of 10 or more reading T "ased on 

; " or more dosing events!^ 1 "^"^ rates after 
storing ^ V"?* ^ ~ 

Present invention can record d reSpirat °ry rates. The 
rates over time, calcul." , 9 SVentS Md respiratory 
-anges i„ ^^^ZT^T' 

Present " ^ "~ »* « the 

Programmed to take t „ Q ^ e ""roprocessor can be 
consideration with respect t„ „ " erent criteria into 

the microprocessor can be o 9 S P*=«icall y . 

can be programmed so as to i„c lu d e a 
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"inim™ cine interval h«- 

*"~y ano ther dose c^noT. **" l "' « given 

o£ time has p^ sL^™* 
5 *™* «" «» Programmed so t^ ^ " mln3 ° f tha 

5 eXOee<1 «* administration of , " tS nOC P°"ible to 
Wthi " a ""en time. For * , — * of drug 

Programmed to prevent dispers^T!*' ^ 
°f a „ar eo t ic ^ P -» than 200 micrograms 

10 co ! CM ^ jammed to tax I' im ^"«t ly , the 
consideration. Thus, the deV """^ in " 

"dude a mini™ Wme «» ». proved to 

~ of drug to he reieaa": I:: 6 " *" - • 
p °r example, the microprocessor , 

allow the reiease of a ^ ^ be Programmed to 

" """^ an hour wM^ ^ «* • 

a-unts of 2S mlcrograms j£* J"" °°ly be reie.sed in 

ty a ■*»*— of five minutes beln ' operated 

«exihiu h ty d ;:t n ! pr r am oan * 

20 25 ™ 3 P« °ay of analgesic dru, fn n0rma11 ^ "quires 

Nation device can be oT micr °P">cessor of the 

r «aase of the valve after TTT 

»»Mn a given day. Sett " " " 9 *— ".en administered 
a llo „ for the patient o adm!n is t " ^ »~« 
25 drU3 ' " naeded, due to a Mane , "algesic 
account for misdelivery of atlo/ ^ ° f Pai " and/or 
coughing or sneezing during an.!! ^ " d "* to 

T "a ability to attempted delivery, 

characteristic of the de • "^dosing ie , 

" "avice to monitor t he ^Tof a^ -iiity of J 

^cuiate the approximat amol t I ^ "'"^ a " d 
aal-ered to the patient based on — Wc d ™9 

a«ch as the respiratory rate TheT^" 9 
aev 1C e to prevent overdosing J ^ " the «««•« 

" ««=h Prevents further man T """^ 3 Coring 

"her manual actuation of a button 



WO 96/13291 



PCT/US95/13910 



- 50 - 

As indicated above, the device used in connection with the 
present invention is not manually actuated, but is fired in 
response to an electrical signal received from a 
microprocessor (which received data from a monitoring 
5 device such as a device which monitors inspiratory flow) 
and allows the actuation of the device upon achieving an 
optimal point in a inspiratory cycle . When using the 
present invention, each release of the valve is a release 
which will administer drug to the patient in that the valve 
10 is released in response to patient inhalation. More 
specifically, the device does not allow for the release of 
analgesic drug merely by the manual actuation of a button 
to fire a burst of analgesic drug into the air or a 
container. 

15 The microprocessor will also include a timing 

device. The timing device can be electrically connected 
with visual display signals as well as audio alarm signals. 
Using the timing device, the microprocessor can be 
programmed so as to allow for a visual or audio signal to 

20 be sent when the patient would be normally expected to 
administer analgesic drug. In addition to indicating the 
time of administration (preferably by audio signal) , the 
device can indicate the amount of analgesic drug which 
should be administered by providing a visual display. For 

25 example, the audio alarm could sound alerting the patient 
that analgesic drug should be administered. At the same 
time, the visual display could indicate "50 fig" as the 
amount of analgesic drug to be administered. At this 
point, a monitoring event could take place. After 

30 completion of the monitoring event, administration would 
proceed and the visual display would continually indicate 
the remaining amount of analgesic drug which should be 
administered. After the predetermined dose of 50 fig had 
been administered, the visual display would indicate that 

35 the dosing event had ended. If the patient did not 
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complete the dosing eve nt h„ „ • 

— «»t of analgesic drug th e I ^"'ering the stated 
-oh by the initiation c/anoth ? ^ ^ " mi ^ d <* 
• visual display ins L« * t he ^ *° U ™* * 
5 Ministration. This process can t * C ° n " nue 

«- inspiratory flow p^Ale is T Y » h » 
e.g.. abdominal incisions, ^ *" " hateVer 

tidal volumes. Determin „ Pain resul ""3 in low 

, ~~ - the insp^nr - delivery 
1 event, daily. ue e k i y , J wlth t " " ■** d ° Sin ? 

P ~*^or container in the device "^""^ ° f • new 

anal 9 esirdtnt°vI. in 7e«rn"rK re9ardin9 »"« 
<»ost recent edition, "drted " ^ " lthin Anesthe «. 
-urchin and Uving'st ". n d Lr^Z' * 
internal Medicine (most recent e^iTi T ~ Princi P les °* 
"ill Book company, Ne „ Z> """"shed by McGraw 

reference to disclose c n „, "oorporated herein by 

-Sing analgesic 
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-«> anXM: SU d"ri fr Tnd Pain ^ * 
intrapulmonary delivery. Lever " , ab ° Ve ' ^ * 
-oh patients with a c om h- Possible to treat 

" Provided by ocher ° f anal3eSi = 

specifically, a patient can h. admini "«tion. Wore 
of analgesic drug by a ^ " iCh 8 baSai ^1 

administration and/or oral alT- SU ° h " '"nsdermal 
level of drug will be suffiL V UUMr,tl « ■ «*• basal 
»• Patient during nor^l ci " " COTCr01 Pal " ° f ">e 
Pain becomes more ^tense the""" ' H ° WeVer ' *» th * 
"lief by the intrapu monary alf ^ ^ iCkly ° bCai " 

drug such as sufentanil u"L the d a ° n °* 
the present invention Z <\ "* -""—W of 

ion. The wtrapulmonary delivery of 
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a^Jr 1 -<«aC b 7 rease -* the 
5 la Par tlcular ' aaa l 9 esi c of the lnc r 

ara felt , d esi rable ln ft tha Present i„„ ^ 

leit almost <— ^ tha t the .« inv enti on 

ad -«at ration « lng oraI ^^te eff.J 

10 ^^edermal deli avai ^bi e f 

==n 

""«istrat io „ CM ° f ad ""nistr a tion ia °° a P«ferred 

*o :i us -. che ««^v t r w,d °« - a no r in that 

The «al d ng a «Wg or a i ly effe „ be car «*° out b y 

a rel. L^"^ «v er Tn ^ d - 9 
cl «ul atory ""^ low level of "° Unt s ° as * 

y ^tern „ nich of nercotio w±rh . ° 

25 j„ , per *ods „„ e „ n ls sufficient - hln the 

l0W a —l of dru3 to m is ^ss * Pai„ 

*o re severe D * ^ -»* be rai T"'^' thia 
the l^arpuimon," ^ *** su <* ce„ hi in ° rd « to 

P«aent invention^ ""^'""on "*°* U *« »V 

"* --Vf h U7ni that 3 PlU » »t" of e diT rSC °° d ^ «ose 
f- M «t . Por ^ «tion can ba ^f^t trestments 

tre «ad wlth an T ' 8 Pa "ant ca l s a 
Vla la ^ a Pulmo na ' Se a S r. *"» * Section 
~ inventrn, adm ::f- a «on i„ T^ZT^ *"» 

" d dr ^ a . which T With Cha 
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-lated to the <U«ic ul ties - ,not 

are preferably carried \ anal * es ^ drug, although they 
^entanyl and Irpnlne ~ "* " 

- of such narcotics is "J^ ° f — 

narcotic effect can be blocked bv , that the 

narcotic antagonist such ^ administration of a 

methodology disclosed aid desc^T ' ■ ^ 
deliver narcotic a n^ a bribed herein may be used to 

narcotic antagonists suc h as naloxone. 

15 2rug_^eliverv_Device 

a inCl — * *« -or n in g 

Parent which is ^ ^\™ g ^»--"a £ or the 
in combination with a r. a „/ 1Udl " S a ""roprocessor 26 
=0 measurement transfer ^ ' ^ 

possible to chanoe th. f * d<!ViCeS ' " *• 

response to an aTl V s ls TT " "« *» 

P-fiie, and it is "so th * "atienfs inspirator, fl ow 

events over time m T *" ' " " o0ld dru * d °*in g 

» the characterization V^" 1 ■ ""^^ 
«=or d e d . _ - J- rr to. « 

device 40 of the DrP ' / ° rtable ' nreath-actuated inhaler 
OI Cft e present invention j 
30 with a holder 20 h*„i , The device 40 ^ shown 

-i P z : ld h :;- res r«r: and a - 

container i. A Dlural . c ln that lt: includes a 
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The embodiment shown in Fi™,v. * . 

-f the inventlon ie 7dZ t ls a simple version 

- loaded. More .^ 7^™™^^ 
impressed by the user until 22 *» 

5 a «uation "onanism 23 when " " *° rCed down below the 
"echanism 23 the spring * T*",""* PUSheS the actuation 
—» in the form of a pl, te 24 ! "* Panics! 

"a" - of a container \ " ^"T " a 
compressed its contents are f 7 container l is 

!• 3 and aerosolized ^ ^ 7' th * -mbrane 

«- Xeft is unused. ° Th » -own to 
require the use of low boil- ^ 4 "° Uld ** 

boiiin, pomt n*::;z a r nt ;r eiia " ts ~- - 

features and advantages of thT 3 addl "°»al 

15 obtained by utilizing L PrM * Bt in ™"°" can be 
components described below m ° nit ° rin9 a nd electronic 

It is important to note that- - 
can be used in order to car™ J 1 ° £ deVices 

Present invention. However ^h . „ -ethodology of the 

20 •arosolisin, dru g f ormulatTon in . ^ * ° f 

ooes such forcing formul.tio t ^Z^""* "* '"'"^ 
»ith the release point based 3 P ° r ° US "embrane 

"bich may mechanically set « Cri " ri a 
critaria readable by the mLoproces^rT" ^"j 
25 the microprocessor 26 an * Zu ' ' Ih * details of 

d eHvery devices which include ** ^ 

Pressure transducer of the type used in ■" r * roe — « and 
Present invention are descried d C ° nneCtlon the 
Patent 5,404.871, issued Ap r n f, , „ dlSClo *ed within U.S. 
30 of Aerosol Medications ft "^livery 
incorporated in its entirety herl ^ T f ^ " 

specifically incorporated in order to de T"' "* " iS 
tte microprocessor and program tecta 1 "* diSCl ° ES 

™ e use of such a microptocls or w^tTa" d " th£re " ith - 
35 dev.ce is disclosed in our earlier £ ^ * 

ea u - s - Application 
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Serial No. 08/065,660 filed May 21, 1993 incorporated 
herein by reference. The pre-programmed information is 
contained within a nonvolatile memory which can be modified 
via an external device. in another embodiment, this pre- 
5 programmed information is contained within a "read only" 
memory which can be unplugged from the device and replaced 
with another memory unit containing different programming 
information. In yet another embodiment, microprocessor 26, 
containing read only memory which in turn contains the pre- 
10 programmed information, is plugged into the device. For 
each of these three embodiments, changing the programming 
of the memory device readable by microprocessor 26 will 
radically change the behavior of the device by causing 
microprocessor 26 to be programmed in a different manner. 
15 This is done to accommodate different drugs for different 
types of treatment. 

Microprocessor 26 sends signals via electrical 
connection 27 to electrical actuation device 28 which 
actuates the means 23 which fires the mechanical plate 24 
20 forcing drug formulation in a container 1 to be aerosolized 
so that an amount of aerosolized drug is delivered into the 
inspiratory flow path 29 when the flexible membrane 3 
protrudes outward through the flow boundary layer. A 
signal is also sent to the heater 14 to add heat energy to 
25 the air in the flow path 29. The device 28 can be a 
solenoid, motor, or any device for converting electrical to 
mechanical energy. Further, microprocessor 26 keeps a 
record of all drug dosing times and amounts using a 
read/write non-volatile memory which is in turn readable by 
30 an external device. Alternatively, the device records the 
information onto an electronic or magnetic strip on the 
package l. The recorded information can be read later by 
the care-giver to determine the effectiveness of the 
treatment. In order to allow for ease of use, it is 
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possible to surround the inspiratory flow path 29 with a 
mouth piece 30. 

The electrical actuation means 28 is in electrical 
connection with the flow sensor 31 which is capable of 
5 measuring a flow rate of about 0 to about 800 liters per 
minute. It should be noted that inhalation flow rates are 
less than exhalation rates, e.g. max for inhalation 200 1pm 
and 800 1pm for exhalation. A variety of different types 
of flow sensors may be used as per U.S. Patent 5,394,866, 
10 issued March 7, 1995, U.S. Patent 5,404,871, issued April 
11, 1995 and U.S. Patent 5,450,336, issued September 12, 
1995, which are incorporated herein by reference. The flow 
sensor 31 includes screens 32, 33 and 34 which are 
positioned approximately X" apart from each other but may 

15 be comprised of a single screen or include a non-linear 
flow path. It is preferable to include the desiccator 41 
at a point prior to the screens 32, 33 and 34 in the flow 
path so that the elimination of water vapor is considered 
in any measurement . 

20 Tubes 35 and 36 open to the area between the 

screens 32, 33 and 34 with the tubes 35 and 36 being 
connected to a conventional differential pressure 
transducer 37. Another transducer designed to measure 
outflow through the opening 38 is also preferably included 

25 or the flow sensor 31 is designed so that the same 
components can measure inflow and outflow. When the user 
draws air through inspiratory flow path 29, air is passed 
through the screens 32, 33 and 34. and the air flow can be 
measured by the differential air pressure transducer 37. 

30 Alternatively, other means to measure pressure differential 
related to air flow, such as a conventional measuring 
device in the air way, may be used. The flow sensor 31 is 
in connection with the electrical actuation means 28 (via 
the connector 39 to the processor 26), and when a threshold 

35 value of air flow is reached (as determined by the 
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processor 26) i-v^ 

«*ich forces the re!ease of t, " releasin 9 the pl ate 24 
»° that a control!., « * f °™ la "o» from . container 
the patient. The is delivered to 

t° an optional!, P re senc vi ZT t Z " '"unacted 
activated. "bratmg device 45 which may be 
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» vibrations which ar P JZZ " ^rasonic 
P la °* of the membrane 3 **** ««- to the 

«* a piezoelectric ceramTc " " ln «» form 

^bration mechanism. A vthratinTd ^ " ° ther * Uitabl * 
a piezoelectric cryata! ^ " " the f °™ «* 

15 — by me .ns of ~ c °™<*** to the porous 
induction mechanism, which ^T'" « ^tic 

Piezoelectric crystal frel ""^ly matched with the 
Ultrasonic oscillTtion. of transmits 
resonance cavity and the not PleZOelec tric crystal to the 
» « aized correctly J^^^S*""" ™ 
focused in a polycarbonate UUraSOnic e nergy to be 

«~ of the energy :::X rane 3 aU ° Wln9 £ ° r 
formulations. The siseTno^ha UZi " 9 "*« 

25 » -t of particular mortal? 

» maintain a relatively smaU sj *" *»*•«•<» to 

h ««. Th e component, « T"" ^e is hand 

"aterial used as the nor ° n the Particular 

formulation used and with c =r/ ateria1 ' the Particular 
ultrasonic waves Cj^""" °* <* 
30 " la tionship at the freouenly btT V^' 3 
* high freguenct sigtaO 
Piezoelectric crystal tm ^nerator drives the 

Producing a signal having a L 9eneraC ° r ls capable of 

""ohertz (Khz, to about 3^ ooo "iToh?: °* ^ " 5 

kllohertz, preferably 1,000 
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*«°hert*. ; h 1 ! hert2 - »re piet 

^9 dosage unit " ^ -t.ru, used «™Pris ed of 

«b ratio " d/ ° r e« icl ed *« Producing the 
force<J " « applied wMla t y ° S «• Section. 

~*Wred £or *£.d in C£rtain "^ativeiv. 

°" ^e H quid , 0r t C ; e n3 si Che "Wd out .«» Pressure 

P°res but l8 th ° of the pof b * 'ar.ed depe„ dln g 

15 Preferably ' J"* 11 * m the r a ™ the shape of the 

roUer I 0 " 0 P " « 4 Z ZT 50 C ° S0 ° ^ 

the P«asure ap^T" ^^ation ^1°*^^ 9as, 
«scosi Cy of th /f " d «n ^ varied f ^ en ° y use ° and 

20 - ie„ 3th of ^ ^ k ei n9 forc:;i t d r; din9 ° n «- 
ic « de:i:!:r a9s ° r the ,u — 

^e^rane C ° «— ^ ul a tion f „ 

P« ESU re les s rh a r elati TOlv , Uon trough the 

25 f the —ce o ^ ^ in -at l£ J™*™ «•»• 
25 £ °«ui. tlon and r6 ^ the me *ra„ e ^JT^ reduces 

memb «oe. The th * ^ Possi ble U " n9 th a release o, 

-oies "Cranes ^ ^. a thinner 

c «ated usi ng a f" * h ° lee « Pores of f „ " to 
"» Pressure t l^ N ^H*. , lt " «* the me^rane are 

' SeCti °°- » X "a L ea?* 1 " 8 t0 

hol «* t hroug h ^! R "" h 3 foots 31 ln «-s- 

Coni «l shape .s' o"^ 8 - T »* larger / <° 
— "« dla * " POS "io„ed ne« to the f " *— « the 
f °™uiati on 111 P6nin3 is c "e open-" f0r,nul ««n asd the 
to \l t d r el5 ' ««•• Th^ ^=h the 

dl,meter " the iarge"'" ° f «» a-aiier 
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« between 2 and 20 times \L * * X "^ Z «•«*>. 

opening. By er conTcal 1. ° £ the 'mailer 

— o f the cone has /ai^ST"" " h6rein "» ™*"er 
5 Possible to produce part ° f less than e microns it is 

«»» » »i=ro„s anf" r a ? Ch ^ ' of less 

formulation through the pores usTno P ° SSiMe C ° f °~* th. 
500 psi. The small P h ««g a pressure of less then 

*« a diameter o£ less than , • """^ OPenin9 Preferably 
" - ^ss than s J^^"™" *" 

Pressure used for forcino fo PUl,,,ona ry delivery and the 
P-ferable less ^17^ Ch ° ^es is 

When small aerosolized nsw ■ , 
„ the particles encount! "™ £0rCed int ° the 

15 "^".nc. . This My ~~ substantial factional 

«**ly than desired and may res u lt " " ^ 
"to each other and combing t t Petioles coll iding 
raaPact to maintaining tL T " UndeSi raole with 

distribution „ ithin t J a f P«ferred particle size 
" avoiding the particle c^lisiT „ <° aid *» 

delude a means by ^iT^L ^ * " «» 
3 Prevent collisions. £J£LT Mmb rane 
t^reby creating an air fll , y ' PaCie "t inhales 

Protruding .embrane 3 ^ ~« «» 

25 Particles along and aids in L the £o rmed 

eaoh other. The shape of the c 9 C ° lliSl ° n witl > 

0* the membrane covering^"" Che Shap e 

Positioning and angling o, the « ^ " " th * 

channel la relative to the diret thr ° U9h 
3 ° the pores of the .^^^.^l™"" 

Preventing particle collision x desi 9"ed to aid ln 
the opening and matchino m» m K " 6eSlr3bls to shape 

distance between any edge S ° " '° the 

the opening. Accordingly lc ! th " of 

— — 9 — -d^Lr rrt 1 —™ : 
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Crated ZlZT £ "'Z 

such, ""^reference to aiac ' " H *** is 

Cl ° Se an <* describe 

20 .^; o£ W9U " « sho ws aa of 

a «"«ed device a = ""^ aa nd-held eo *—at. 
31 f ^ to provide tn 9 ^^essor'^T* 1 ' 
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25 "* -onaniolr e m ! f ^ « W1 — 
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di -« ly releaa'ad b v ^ C 

ina Pir a tory X the "ser. The ls Preferably „ oc 

"* ^era^be I'" 11 *» ««** ^ ^ ^es thro ugh 

° dl «ara„t iaI to °*>t a i„ . «• «- mhal ing is 

Oratory ' tr T 37 "/ ^ »sin g the 
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r release 1^"" « send a ^"^^a^d 

thS ^r ralaasi„ g a "j" "«'»'=- th. 

9 a S P«"9 22 and 



WO 96/13291 



PCTAJS95/13910 



- 61 - 

plate 24 or equivalent thereof, forcing aerosolized 
formulation into the channel 11, and out of the membrane 3 
into the flow path 29 where the air surrounding the 
particles is optionally heated by the air heater 14. 
5 Further details regarding microprocessors 26 of Figure 4 
are described within U.S. Patent 5,394,866, issued March 7, 
1995, entitled "An Automatic Aerosol Medication Delivery 
System and Methods", which is incorporated herein by 
reference in its entirety and specifically incorporated in 
10 order to describe and disclose flow measurements, the 
microprocessor and program technology used therewith. 

Microprocessor 26 of Figure 4 includes an external 
non-volatile read/write memory subsystem, peripheral 
devices to support this memory system, reset circuit, a 
15 clock oscillator, a data acquisition subsystem and a visual 
annunciator subsystem. The discrete components are 
conventional parts which have input and output pins 
configured in a conventional manner with the connections 
being made in accordance with instructions provided by the 
20 device manufacturers. The microprocessor used in 

connection with the device of the invention is designed and 
programmed specifically so as to provide controlled and 
repeatable amounts of analgesic to a patient upon 
actuation. The microprocessor must have sufficient 
25 capacity to make calculations in real time. Adjustments 
can be made in the program so that when the patient's 
inspiratory flow profile is changed such is taken into 
consideration. This can be done by allowing the patient to 
inhale through the device as a test (monitoring event) in 
30 order to measure air flow with preferred drug delivery 
points determined based on the results of several 
inhalations by each particular patient. This process can 
be readily repeated when the inspiratory flow profile is 
changed for whatever reason. When the patient's lung 
35 function has decreased the program will automatically back 
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memory avaiiable to the micropro- n ° n - V ° laCile read/write 
<* the invention can then cZ ^ "^"Processor 
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" Programmed so as to aiiow for . PreSent inve ntion is 
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delivery can he caicuiated T/'T ^ *» *»» 
£ -ction of measured inspiratory Z^ 1 ^ *** is a 
calcuiated cumuiative inJl ° aS wel1 as 
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electronic actuation means t t L ""'"^ ° £ tha 
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-erdosing the patient „T th a " <° '"vent 

overdose prevention feature ~ v*""" narco "c- The 
3 ° -ith each individuai P tlent in 'T^" 1 * a " 1 «~ 
Particular groups 0 f patients °* dSSi9ned WUh 

Coprocessor can J"^.^^ — . the 

-Twtn 0 he^it: r° xi r iy 200 : : ° ~ 

- "0 ,g of fenc^'p I ^ ^ a ~-X 

y - The sterns can also ' 



WO 96/13291 



PCT/US95/IJ910 



designed So that " ** ' 

3 Pain management w itho . lme an d ther*K 

Mother featu^ Wlthout °verdosina th . thereb y 
Programmed to no 7 ° f the device is , ' Patient - 

— tran^tTeV:^ < f " «£. « " ~* 

intended u .„ to " by a tran=„- "ceive a 

15 ^ ice and p ; even s r h - i^ ro ":T" er worn * «- 

prevents abuc?o u the security * 

co «ternal devi ces „. of che invention can h. 
transferred into"! «*«»« inZ C ° nne «ed 

stored „ ichin J! 0 Che """-processor of " f0n ""°n to be 
*° to the mrcriU; """"^"l* read/wr, te lnVenti °" — 

- -en oC rnr* The - ; :nr avaaawe 

"^tion trans^reH ^ ^ r°"°" 

Matures of from external • ° n this 

25 — which has a si 2 7 w ; P T red ' device , P ° rt9ble ' 

mete ^d dose ' X * e Whlc * compares favorabi P * tient 
lnhaIer devices. tav °rably with existing 



_^dj 



rnr 'J 

The method and ^ • 
number * device of t-K 

^ pa in JtT ° Si " 9 Pr °« d «" re " 6 the 

ind ^ th ~ anai gesic ^™ «* the 

the e lini ™ « Crudes into f st 

of particle Jast raoVi „ g air 

S - Second, the 



'CT/BSSSfljj,,, 



invention makes if 

'he aerosolized P ° SSible to eliminate . 

— ic ^ « P^e z;z:z r 

"anufactured to ha PaMent "hich particle ^ 

5 Particles of ° £ * """^ ««•• By d , ."" 

^nced r^Z ™ £" «~«iU*V of 

«««ent humidity ^ £ Grounding environ.." ' " 

^ *> lister ^ J"*' * ^a f t 

to inspiratory „ OK « th = — point „ lth raspec " 

ar- - -r csrcs i ~ 

T he method of hhe • 

« flovanle anal g esT c en " 0n «» "lease of 

disposable com-*,- ^esxc formulation from • ^. 

15 Package Th ° * Whi ° h ^ be inter." lndlViduai 

9 e - This is desirable ^ lnter connected i n » 

17 1S ~**" under a SCer " e ' «^ le 

^rane° a : r d e and — ^ " A nT *~ <° 

-mirane and ** eaCh of Z C °° tainer and 

ane and container are a, * rU9 ' Th us, the 

w bacteriostatic Preservatives 

- Potential environment" rl C r°r- « tha » 



*"«*er use -sc. 

Wuoroca^K de vieee wh< . 

3 r ons - * lch <3^Pe„ se<J . 

In additi„ low boil,„ 

del ivered at "" h ">« Pr eeent " tere <i to the paci Creas « the 

ls «owly by ^ Slow rat " 'he aer 

T *s methl P«isnt of s P*sd a „ . 0So1 « 

that - t otIy actuata Vr t ; ** d 

«- Invent 1 ™ 1 Preset;* 1 ** «le ased ' " tha «n se 
a «o»a tical ? y to °* f ■ *» «eeu. eloB m ech anl C80f 

re «iv ed f ° ""Srsnmw to ' of « s igna , " fi «d 
"•onitor, a m °Mtori„ " d a «~ al , Snal from a 

« sir f T 3 dSV1 «- A c dSVica sue* as baSed "Pon dec* 

el -t a ^ -«« tory Vo « d £ lnspira :;-« ^hdrewe 
" hi <* deteJL ° r »»« L P«ie nt < and 

an in api n rat eV9nta a "corded £ '"^'orx 

ordar to de:: e r ferabiy : h ° ^ 

lns Pir atory dUCe * Preferred - ^ the ««o Pro( . °° rdad 

the «le ase th = Patients 

dr " 9 ««, the 



WO 96/13291 



PCT/US95/13910 



- 67 - 

preferred point being calculated based on the most likely 
point to result in a reproducible delivery event. 

A flow rate monitoring device continually sends 
information to the microprocessor, and when the 
5 microprocessor determines that the optimal point in the 
respiratory cycle is reached, the microprocessor actuates 
a component which fires a mechanical means (and activates 
the vibration device) which causes drug to be forced out of 
the container and aerosolized. Accordingly, drug is 
10 repeatedly delivered at a pre-programmed place in the 
inspiratory flow profile of the particular patient which is 
selected specifically to maximize reproducibility of drug 
delivery and peripheral deposition of the drug. It is 
pointed out that the device of the present invention can be 
15 used to, and actually does, improve the efficiency of drug 
delivery. However, this is not the most important feature. 
A more important feature is the reproducibility of the 
release of a tightly controlled amount of drug (with a 
narrow range of particle size) repeatedly at the same 
20 particular point in the respiratory cycle so as to assure 
the delivery of a controlled and repeatable amount of drug 
to the lungs of each individual patient, i.e. 
intrapulmonary drug delivery with tightly controlled 
dosing. The heating component (s) and/or the desiccator to 
25 remove water vapors aid in providing repeatability in 
dosing in that the particles reaching the patient will have 
the same size regardless of the surrounding humidity. By 
keeping the particle size the same at each dosing event the 
particles deposit at the same general area of the lung at 
30 each event. These features improve repeatability along 
with automatic control of the drug release mechanism, 
combined with frequent monitoring events in order to 
calculate the optimal flow rate and time for the release of 
drug. Further, the particles will have uniform size in that 
35 all carrier is removed regardless of the humidity of the 
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-e preferably about sT ,7" 1^" " " 9 <° 3 °° * 
amounts which might be delivered are ^ VariaCi ° n in the 
Potencies and different deliver! ef 7 " di "' rent 
-vices, formulations J ™""" 
avent may involve several inh.^t d ° Sin 9 
«ch of the inhalations L * With 

-vice. For axampreThel :Le Pr ;; n r :r Uh ^ * 
release the contents of Programmed so as to 

one contain. r~r n Ur %rCo r f M " ~ ^ 

a package of interconnected 
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containers. Deliv 

containers can h*„ "" 9 smaller amounts f rom . 

ave Vantages 5^ several 
are delivered from each container „ "** Sma11 a °™nts 
a complete tailure " wl "> each inhalation. 

» "halation u not of 't With a given 

seriously disturb the rep" .fT 1 " 0 — and will n * t 
^ther, since relet ve™ a"'' °* ^ ^nt 
each inhalation, the patient " *<* 

X, iti 7 1 - - -^asiHt t ta?or inlSter ' 
In addition to drug mf . * ° v srdosing. 

drug sensitivity must oe Zl^ T 

~ l ~rzz^: ^—g ~ 

. . on fc ne above, it win u 

d °s«g or amount of analog understood that the 

device can he changed b^ d ^ the 
monitoring event wherein 2 °" 
2o Patent -s inhalation is measured "^"^ fl °» " a 

: « r o/rr^t; 8 f a :r cuiated ty «- 

!° k "°"" amounts of r^^""*""""- * "™ 
«ntainer and delivered to th TZt " *™ ^ 

changing measured £unc t c h i e on Patlent - « the response in 

25 «th previous ^4^- P«a-ter, ls ^ eater than 

containers released) is d J **" d ° Sase 'number of 
in tarval u inc J s ™ or the minimum dosing 

maasured l ung fun "the response in changing 

Previous readings, then th. * ' S UsS 'han with 

» the minimum dosing ^ -~" is increased or 

and decreases are gradual and a *" """see 

averages (o f 10 or more r ..V Preferably based on 

10 or more ^«ion parameter 

avent and monitoring event ^ T ' Si " 9le d ° Si »* 

35 deV1Ce <* the present invention^ *"» deli -ry 

nventxon can record dosing evenCs 
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an <* ded.,„ par ameters over 

™J:*: ce pre£ — t\r culata a ~ 

administratis 
0n e of th* ■ cra tion of 

S Present lnvent lm ^t ant features and , 

invention i s #. K 8 and advanta^ 

Programmed to " that the ^ " ta9es <* the 

consideration ^ e a of d iffer ^° CeSEOr ««• be 

«- — Proce : to doslng t c„, eria into 

«ni"u m time inte " pr °^ammed so For «a»We. 

» Silvery anotC "J 31 ^ween doses , S ° " to i„ clude . 

can ie J" Pass «- Second^ * ™ C * °»an 

r~ «- a dmin t:;: t Tr so that ^ ^ » ot tr.r cha 

within a £,cr ation of a Sef . m . noc Possible to 

Programme. " .act ^ ^rtanay Z ? 
Thus ' the devic. ° Ch criteria i nf devi « 

"« intervarL!/"" be ^rammed to "Y™""-- 

20 ba "ieased ii!t d ° Sea «* a ^ a ^nimum 

m j "ithin a aj„„_ ^. """mum amount nf j 

""roprocessor could „ ^ Peri °d- For 9 t0 

a "aximum of ten „ jammed to alio! " th * 

»nly be rel., , * <* "algesic durlno releaaa of 

25 fl «- ^ing P ::;r m - «*. -L^ each 

25 «9 per day „, Pie ' lf the p atienc , , w " h some 

Programmed to ° anal 9a sic , the * n °™ally ^ 

, a ^«at ered tf^ 1 ^ a -ruing C " ba 

30 thereaf Cer Co ^ ' «*- °ay an d to J J— — 
Prov ldin ert the user of possih, " arnl "9 

the p,,:;™ 1 ! 9 and - a locroTVhe 7 rdMeS - * 

. due H de ° admlniSter ad «t ^ a aU °" S 
account for de «a ased llm . ° nal analgesic, if 

" ~u g hi ng or enIl adeUVery «* ^1^ P ^ 

^ing an attend - to 
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T he abilitv t-« 

characteristic of the Zj^?L a 

^vice to monitor the a ™« ° f «- 

calculate the approximate "leasee and 

5 D C f P " ient b ~ed on monitoring a var^TofV t0 
Parameters. The a bili tv of fk Variet >' of lung function 

overdosing is not »ere!y a 1 > C ° «*•»«* 

*>«her manual actuation of a blTZ T" P ~* 
the device used in connection with "he 
» not manually actuated, out u ^T" inVen "° n 
electrical signal received from . reSP ° ne9 to an 

received data from a monitor!! „ """""oeasor ,„ hich 
which monitors inspiratory n7> anTaM " 3 deVi ~ 

of the device upon acMev ng an ODt , 
« inspiratory cycle. When using the "?T " 3 

actuation of the device „iu ad m ln ! invention, each 

m that the device J fireT <° ""tent 

inhalation. More specif ial v reSP ° nSa to Patient 

the device does not al o„ for th ° f 
=° merely by the manual actuati f ° f analgesic 

- -igesic into the a r:n i^r to £ire * 
-vice o7::rre f „uo f „ fe r:r - - dis Pe rsion 

- «i« one embodimen; i : i r ne C c ; ntemPl " ed - * accordance 
2S cocking of the device " neCeSSar >' « carry out manual 
auch as by . **« energy is stored 

*«« can be Positions? thTd'" 3 

container. ln . simllar lo « the drug containing 

apring can be withdrawn so th^l connected to a 

30 force air through thT air dlp^i" " "» l 

cocking of forced .tori™ SPerS1 ° n Ven «- Automatic 
formulation and the air £1 SyStS " S ** "° Ch Che d rug 
nnit. Purther. one may" be T « in one 

none automatically In ac T ^ ° th " ™y be 

» —ce is ~J-J£?2r™ - — the 

rired automatically and 
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el ectronicall y based „ " ^ ~ 
flow. Th(a - ed on ""onitorinc 

Emulation may be * <* d iff ! the 

bei « 9 v ibrated P ^7/;;- to the fo rmulatio ^ e by * Pi-ton 

aerosol. fr *Juencle. suff ici(a he memb ^ne 

^J-cxent to create 

The m,- reate an 
nrof ne miCr oprocessor ?c 

visual or aud< P«>3rammed so , mins dev «e, the 

15 "Seating the tf adminl «« analgesic , "° Ujd be 

ic: tf — — ti- Pr e fe »;r d h ition to 

"hich should h M in °icate the .„ erablv b X audio 

"» exaCle ^"^terea hv pt ^ , *«. - analgesic 
P*»«nt that' ^ aUdl ° ala ™ could a 9 ""^ ^V-' 

SS Cb * amount 0 ^ S f ay —M indicate -one'd ^ 
administers rug 'number of Sa9e uni t" 

« te P ° tot - « -nitor in 0 : ntainerS ' *> - 

a*ninistraMol CO ° Pla "™ of the ?! C ° Uld <a*e 

!5 »«W ?r a P "«ad and the vi T^" 9 ^ 
*** ahouia h " e " m ain lng a d " plav »°"ld 

'indicated a<lminister ^- After t, ' ° £ "algesic 
V«ua Z I 0 ™*" ° f ««^* ^ermined dose 

« d ac. « "° Uld ^-te th« ^ r^""-' the 
ad "«»terin 3 t r tlent d " «* complete J?" 9 ^ " ad 
b * Winded 9 f thaS : atad a — c oTdlg 9 eVSnt * 

toncLrz by che ini ««icn : f he r 0 th nt wuid 

Patient to ~, . X 3 visu al disol,„ inot her audio 

^T i T alat ^ " structin9 tha 

Can ^ found K Tt h i„ r mati0n " 9 «cing a0 sinc 

withw Harrison-s - p ri „ " 9 analgesic 

Principles of Inc 
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Medicine (most recent edition) and the Drug Evaluation 
Manual, 1993 (AMA-Division of Drugs and Toxicology) , both 
of which are published by McGraw Hill Book Company, New 
York, incorporated herein by reference to disclose 
5 conventional information regarding dosing of analgesic. 

Operation of Delivery Device 

The device 40 schematically shown within Figure 4 
can be specifically operated as follows. A container 1 is 
loaded into the device 6. The device is then armed meaning 

0 that the piston such as the spring- loaded piston 24 is 
cocked. If applicable another piston (not shown) used to 
compress the liquid formulation in a dual container system 
is cocked. Further, a container 1 of the package is moved 
into position and any cover is stripped off of the porous 

5 membrane 3. Thereafter, the patient withdraws air from the 
mouthpiece 30 and the patient's inhalation profile is 
developed using the microprocessor 26. After the 
inhalation profile is determined, the microprocessor 
calculates a point within the inhalation profile at which 

0 the drug should be released in order to maximize 
repeatability of the dosing, e.g. by plotting a curve of 
breath velocity versus time and determining the point on 
the curve most likely to provide repeatability of dosing. 
However, in order to carry out methodology in accordance 

5 with the present invention it is not necessary to plot any 
curve of breath velocity versus time. The device can be 
set so that the dose will be. repeatedly released at 
approximately the same point with respect to inspiratory 
flow rate and inspiratory volume. If the device repeatedly 

0 fires at the same inspiratory flow rate and inspiratory 
volume each time the patient will receive substantially the 
same dose . Both criteria must be measured and used for 
firing to obtain repeatability. 
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Further details with ^ 

e££lClenc l- «e disclosed to proved delivery 

-titled: „ InCrapul d »«u- related appllcat ^ 

T»« a peuti=. llv ReleVMt ^ ^ Delivery wltMn 
"led on jm y u , 1994 r«.tory rio„/ V[)lume 

Values" 

-PPlication is incorporated ^ »°- 08/ 273 . 37s Khlch 
-coprocessor of the present i! * The 

to release drug based r^T*"™ "» Programed 
10 Peters. 811 ° r »X of the f o Uowing 

j— . -Unr^: * - «o K rate 

<*»iciency can be ohteined ^ d^ " ^ Ut « ~ ~~ 
• «n g e of 0.3 Co about ^ 7 J* « «ing at a flow rate in 
" 0.15 to i. 7 lit l ere P« second and n ore 

« the delivery is obtained TlyT^^ ' ^-ability 
thS " me «=Piratory fl ow rate at si n ? " S * tMti '«y 

< 2 > Delivery should k ^ relMse - 

P«ient. s inspirato^ volume o/ h " * ^ * 

20 ,£u » h « -ffioiencyTf dent" ^ "* ^ 

^ixvering „ tthln . / ° f ^"ery can he obtained by 

Preferably o. 1S to about 0 4 li ters °, °' 8 Ut ™ - -re 
*^very is obtained by deliv. ' Re P e "ability of 



oreates partite for^ * ■ system 

Particles are i„ the Olivary wherein the 

morons, preferably o.s to 6 ml °' 5 <° * b °« ».0 

° a ^out 3 microns 

- rons and more preferably 

concentration 1 of the " »— Gained . 

fr °™ ab °« "-"I to about J * " thS °f 

-fining - C ~-°n of^ r rUria" "'i * 

3 carrier in this 
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l^piz i::zi p ztT which are — *•«= 

Ch ° 8S ^articles ln size °„Z " Ut to *•*«. 

< 5 > Air draw in J 1 «? ° f oarri «. 

5 r ticies *• he at< r b ; path * the 

Nation in an amo J t : f dd ^ ut en 2 ^ to each 1D of 
■°» PreferaMy 20 Joule ^ J °^° to 100 Jo ules, 
in reducing the ^ *° ' oul «- *» heated air 
carrier away f ron the particles J ^"tes 
" "articles for inhalation, 'hereby providing smaller 

(6) Air is added to i-k~ 
t»e patient drawing air Z^Z™** 1 "* Nation by 
— "t of about 100 » s ° ' ae «-"«d mist tn J 

„ microu r ° £ — « «S: to 2 iuers - » 

Vibr ation nay be -_„,. . 
» an amount 575 to 32,000 rZT t °" P ° r ° US —»« 
— Preferably 2 . 000 ^.^SLf" * « 



(8 > The pore siz* * 
"lthi» a range of 0.25 to about * n T toa * is 

:: f : - ~. «fSs y "rrr preferawy °- s 

refers to the diameter of the ™ S Size 

formulation exits the mem bra ne "** °~ 

°Penxng into whi ne ; The diameter of the 

ti.es . that si 2e i„ dil^' h ^ be 2 to *> 

2 5 conf iguration ameter thereby providing a conical 

f9) The viscosity of t-ho * 
amount of pressure which needs to f™ 1 *" 0 " affects the 

Nation through the Zlts and h"? 1 "" '° ^ 
«nge of 25* to P °« s and should be within the 

30 (10) Th» > viscosity of water. 

'iU) The extrusion pressure < 
«nge of 50 to 600 psi mo Z ? "^^ted within a 
«~r Pressures "0 to soo psi. 

configuration for the pore s"e " Uel " 9 C ° nl cal 

3= in.or.t'ion ^SZTZTS" ~~ * *»— 

the amblent temperature 



W 0 96/13291 



PCT/US95/13910 



atmospheric pressure. The J» ' 

atmospheric pressure is a ^ ° f 15 ° C 3 0 o C 

-ixghtly lower at higher Zi. T^ ' ^s phere £ 
5 atmosphere. ^xtudes, e.g., about ?5% ^ 

(12 ) To provide f orn ■ 
«* «- carrier to drug Z™*™™* ** °osi„ g the ratio 

;; re hi9h1 ^ drugs a« more r iMalned —ant and 

» possibie to use • ■»» d«i rable . Ho 

10 suspensions or bv „=( " in soluble bv n~.l- 

1 °y using solubilit-,, _ ,. y creating 

'«) A desiccator is-., enhan «rs. 
-Per f rom air drawn intV^?"* t0 «<=« 

m ^ The pores are pref el „ * «""«*• 

is :: n t rane in - —«.tj o™' t y 1 piaced in «» ~ 
^X^ 1 -- a ~w th epo : n rr t e h d rectan9ui « 

the , « ^"dioulariy over the '" i " ,ner Md 

the oonf lguration u J narrower di m .„ slon of 

collisions between partides ! the ^unt of 

collision resulting!/ ^ thereb ' avoid partiel 

20 ( " n9 ln »ccumulation Particles 

regulated in ™' tUota »~ of the mem brane is Dr . f . 

* he r ange of „ Preferably 

Preferably 10 to 50 ° f » to 200 mlcrons or J 

» that l ass pr i r re Thlnner Cranes are useful 

trough the merabrane Th f T"" t0 for « formulation 

25 ° f =.000 to 20 .„oo, 'preft^rr 3 "rengtt 
drably 14 , 000 to °.°00 to 16 , 000 and ^ 

(16) The membrane i« 
convex conf i3uration ^ so as to have a 

30 fie"" ^ P " ie — ^ZT^"™ 1 "*^ 
"sxible so that it will assum „ °" ° r is designed to be 

'ovulation is f orce o through ^V;^ «"»«•«» -» 
f!7j After th(a membrane. 

information mi Coprocessor < e 

mation Wit h respect to . is Provided 

measurements . drug ^ to above parameters or 

" —~o r will coLinuauTre^r: * ^ 

y return to substantially the 



W096/IJ291 

PCT/US95/13910 



- 77 - 

5 volume. „ owever , J 6Spe « <° «°» and/or 

»ith respect to both criteria af t. ! '° COTtinUe 

Particular drug delivery man ^^'^ ° £ patient's 
- 'he events are recordeTT" ** All 
» "corded information can t D 2" ^T- The 
~W Por example th t cart: *° '« 
Patient correctly carried out n e^T " 
order to correctly deiiverv h lnhala "°° maneuver in 

m »•««•. inhal^o P X r ^ " «- 

The instant invention L " the *»»• 

in whioh • mention is shown and descrih^ u 

winch is considered to -v, Ascribed herein 

Preferred embodiments. It 1b r P ract i"l and 
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CLAIMS 

1 1. 

2 



3 can h ' Channel h^ing a £ ir « Rising: 

«n be lnhaled and a « * f irst ope„ ing into „ h » 

« «» „ ltndra „ ope„ lng from Kh . ch » 



6 Nation of "HIT'" aPPly1 ^ Physioai fo 

- upon actuati °- - « to 



3 formulation is J, applyin 9 Physical force " " ln 

» -Prising - *"~y aevice o f claim .^^^ 

a hygrometer for 
hygromas ! nfo " aaUrin9 humia lty , cne 

amount nf A Anro rmation us^h 

f enersy to * by the aT r . he ; ci „ det r ine » 

neatang device. 
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1 4 
2 

3 



is present in a d \ """^ < ha ^ulation 

t rv f d dls P° sab ^ vainer for use in aerosolized 
delivery of drugs to the lungs, comprising; 

5 force; * " a11 WMCh iS COlU P sible «P- «*• application of 



7 at least ! " C ° ntaln « °Pening is covered 

B with a diameter in the range of about o. 25 to about s 0 

10 " win TO r ra,,e bei " 9 SU » ici -"y "exible such that 

" aonl t ° UtWard ^ 3 ~ —"nation upon the 

11 application of force; and 

U d™ * f0r, " Ula,;i0n «'»P"sed of a pharmaceutically active 

14 17 3 Carr " r " hiCh f °™ Ul " i - - characterized by 

15 1 y C ° ^ a " aerM01 ° f ««"<*•• "»ich can bl 

U ^eo t H lnt t 3 Pa " ent ' S 1U " 9S " hen tb. formulation is 

16 moved through the pores of the membrane. 

a forms deVlCe ° f Clai,n *' " herein ch = °P-in9 

3 b~Tv JT ° Pen Cha,mel leadin9 *»" tha "Pining to 1 

3 breakable seal beyond which i, „ , 

4 flevlhi* - area cove ted by the 
' tlexible porous membrane. 

2 a ™ S ' deViCe ° f Clai,n *' wherei n "e pores have 

3 0 Z to"rr i0nal C ° n£i9Urati - »ith a small end opening of 
0. 25 to « 0 microns in diameter and a large end opening of 
2 to 20 times the diameter of the small end. 

1 7. The device of claim 4, further comprising: 

3 and ^ "' eanS meaSUrin 9 air£1 °» trough the channel 

4 ":r in9 inspiratory fi °- rata - - 

5 a means for determining a beginning point to force 
S formulation through the pores of the membrane based on real 
. ToZJ ° f inSPirat ^ «~ rate and inspiratory 
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8 - The device o* , 
■ T** is mechanioal .° f »h erein che means 

9 - The device of „t . 

is eXec tronic .° f CUl ™ «*e rein the ^ ^ 

10 • The device o* , 
memb rane includes fro ^ 4 ' wh ^ei n th „ 
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FIG. 5 T EMPERATURE t c * 
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FIG. 6 TEMPERATURE C ^ 
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